Clinical features and errors in diagnosis have been assessed in a retrospective study of 62 popliteal aneurysms in 40 patients, 22 of whom had bilateral aneurysms. Only 29% of patients complained of pain or swelling behind the knee, while 31 % of aneurysms had produced distal ischaemia presenting as intermittent claudication, 9 aneurysms had thrombosed producing ischaemic rest pain in 6 legs, and 4 aneurysms had ruptured. Although 94% of aneurysms were suspected or confidently diagnosed by palpation alone, only 43% of patients had had the correct diagnosis made at the time of initial referral. Treatment was delayed in 12 patients, 8 of whom subsequently required amputation.
Introduction
Expectant treatment of popliteal aneurysms is hazardous (Linton 1949 , Gifford et al. 1953 ) and many reports have advocated early surgical intervention to prevent complications or to restore blood flow to a limb already compromised by arterial occlusion (Inahara & Toledo 1978 , Vermilion et al. 1981 , Graham et al. 1983 ). Not surprisingly, reconstructive vascular procedures are more often successful when performed for asymptomatic or uncomplicated aneurysms (Wychulis et al. 1970 , Reilly et al. 1983 ) and it behoves the clinician to make an early diagnosis and referral for treatment. We report here a retrospective analysis of the presentation of 62 popliteal aneurysms and the problems encountered in their diagnosis.
Methods
Sixty-two popliteal aneurysms occurred in 40 patients referred to this unit for vascular assessment between 1960 and 1983; 22 patients had bilateral aneurysms. Thirty-nine patients were male and one female, with a mean age of 62.7 years (range 36-91 years). Thirty-one aneurysms (50%) were followed up postoperatively for three or more years. Clinical and follow-up data were retrieved from general practitioners' referral letters and hospital case records. Forms were completed for each patient recording the diagnosis made by the referring clinician or general practitioner, symptoms and signs on presentation, the presence of coexisting disease and the results of arteriography which was performed in the assessment of 36 aneurysms.
Forty-five aneurysms were treated by operation (Table 1) . Thirty-four reversed saphenous vein bypass grafts were performed, all of which were anastomosed between the femoral artery and the popliteal artery, with exclusion of the aneurysm by ligature. Seven aneurysms were replaced by vein graft after resection of the aneurysm and 2 patients also had a lumbar sympathectomy; prosthetic bypass grafts were used in 4 legs. Other operations included aneurysmorrhapy, thrombectomy, Hunterian ligation and primary amputation. The results of operation were classified as 'normal leg'; 'distal ischaemia', i.e. claudication with or without trophic changes; or 'amputation'. Seventeen aneurysms were untreated either at the time of *Two below knee, 2 Gritti-Stokes and 3 above knee amputations *All above knee amputations the patient's death or at follow up. Finally, an assessment was made of possible errors or delays in diagnosis and their influence on the results of treatment.
Results
Patient referral: Twenty-four (60%) patients were referred for non-urgent vascular assessment while 16 patients were admitted for treatment of acutely ischaemic legs. Nineteen patients were referred to this unit directly by their general practitioners and 13 by consultant staff from other hospitals. Of the remaining 8 patients, 4 were referred from within our own hospital group, one from his place of work, two were diagnosed during outpatient attendance following previous vascular surgery and the source of referral for one patient was not ascertained. The original referral letters from general practitioners were traced for 35 patients. Popliteal aneurysm was diagnosed or suspected in only 9 (26%) patients, all of whom had palpable aneurysms. Fourteen (40%) patients were referred with a tentative diagnosis of peripheral vascular disease or intermittent claudication, and a diagnosis of venous thrombosis or thrombophlebitis was made in another 6 (17%) patients. Palpable popliteal aneurysms were missed in 3 patients referred for treatment of abdominal aortic aneurysms, while the remaining 3 patients were referred with a diagnosis of recurrent nailbed sepsis, nocturnal cramp and 'popliteal hernia'.
Popliteal aneurysms were diagnosed in 11 (65%) of the 17 patients referred from within our own hospital group or from other hospitals. Diagnoses in 6 patients in whom popliteal aneurysms were missed included abdominal aortic aneurysm (3 patients), peripheral vascular disease (one patient), arteritis (one patient) and popliteal thrombosis (one patient).
Irrespective of the source of referral, only 43% of patients had the correct diagnosis made at the time of initial referral. Delay in treatment (Table 2) : Delay in treatment occurred in 12 (30%) cases, the commonest cause being misdiagnosis leading to inappropriate treatment (8 patients), while continued treatment of acute ischaemia after thrombosis of an aneurysm occurred in 3 patients. Two Clinicalfeatures: Sixty-one aneurysms were due to atherosclerosis and one was due to Beh9et's syndrome. Although 17 (27%) aneurysms were asymptomatic, 15 of these were detected in patients presenting with a contralateral, symptomatic aneurysm. Bilateral aneurysms were diagnosed simultaneously in 19 of the 22 patients, the intervals between diagnosis in the remaining 3 patients being one, 3 and 4 years. Nine (15%) aneurysms were thrombosed producing ischaemic rest pain in 6 legs, and 4 (6%) aneurysms had ruptured producing acute distal ischaemia in 3 legs. Seventy-one percent of patients did not complain of any pain or swelling behind the knee. Nineteen aneurysms (31 %) produced distal ischaemia presenting as intermittent claudication, which in 6 patients occurred at distances of less than 100 yards; 10 (16%) aneurysms produced ischaemic rest pain. Eleven aneurysms were associated with other symptoms in the absence of distal ischaemia; these included calf pain at rest (5 aneurysms), burning sensation in the foot (4 aneurysms) which in one case was relieved by knee flexion, and sudden collapse of the leg (2 aneurysms).
Fifty-eight (94%) aneurysms were palpated as either a wide pulse or mass (pulsatile or non-pulsatile) within the popliteal fossa. Four aneurysms were not suspected on palpationone aneurysm was found during emergency femoropopliteal bypass for acute ischaemia and another diagnosed by arteriography used to assess a symptomatic contralateral aneurysm; bilateral aneurysms were diagnosed by arteriography in a patient presenting with intermittent claudication. One or more pedal pulses were present in 41 (66%) legs in which the aneurysm was present.
Thirty-six aneurysms were assessed by arteriography, which failed to display 9 (25%) of them. This was because 5 were thrombosed while 4 appeared as tortuous popliteal arteries of normal calibre, presumably due to the presence of thrombus lining the aneurysm.
Twenty-five aneurysms of major arteries other than the popliteal were diagnosed in 16 (40%) patients, 12 of whom had bilateral popliteal aneurysms. The most common sites were the abdominal aorta (8 aneurysms) and femoral artery (13 aneurysms in 9 patients); 7 patients had aneurysms at multiple sites. (Table 1) : Thirty-four saphenous vein bypass grafts resulted in 24 (71%) normal legs, 4 legs with distal ischaemia and 6 amputations. Resection of the aneurysm did not influence the outcome of this operation, but evaluation of concomitant lumbar sympathectomy was not possible. Three of the four legs in which prosthetic grafts were used were normal at follow up. Arterioplasty, thrombectomy and Hunterian ligation of 4 aneurysms resulted in one ischaemic leg and 3 amputations.
Results of treatment
Thrombosis of 9 aneurysms resulted in 2 normal legs, one ischaemic leg and 6 above-knee amputations. Four thrombosed aneurysms were treated by bypass grafts (saphenous vein 3, Goretex 1) resulting in 2 normal legs, one ischaemic leg and one amputation. Two ruptured aneurysms treated by saphenous vein grafts were normal at follow up, whereas Hunterian ligation of another two ruptured aneurysms resulted in one ischaemic leg and one amputation.
Discussion
The popliteal artery is the most common site for aneurysm formation after the abdominal aorta (Linton 1949 , Bouhoutsos & Martin 1974 , but many popliteal aneurysms are asymptomatic and their true prevalence is unknown. They occur almost exclusively in men with generalized atherosclerosis, many of whom have aneurysmal disease of other major arteries (Linton 1949 , Gifford et al. 1953 , Wychulis et al. 1970 . 'Sinister harbingers of sudden catastrophe' (Gifford et al. 1953 ) aptly describes their propensity to develop thromboembolic complications resulting in a critically ischaemic leg or amputation. Thirty-one percent of patients in this series developed distal ischaemia presenting as intermittent claudication and 15% of aneurysms had thrombosed. Although distal embolization is a recognized complication which may occur in at least 25% of patients (Gifford et al. 1953 , Wychulis et al. 1970 , the differentiation between distal embolization and atherosclerotic occlusion of the tibial and peroneal arteries is difficult in retrospect and was not attempted in this series. Irrespective of the aetiology, however, occlusion of these arteries probably precedes thrombosis of an aneurysm, an event which poses the most serious threat to limb viability: thrombosis of 9 aneurysms resulted in 6 amputations, despite attempted vascular reconstruction in 3 cases.
Several studies have emphasized the importance of early operation to prevent these limb-threatening complications (Inahara & Toledo 1978 , Vermilion et al. 1981 , Graham et al. 1983 ). The historical operations of Hunterian ligation, aneurysmectomy with end-to-end arterial anastomosis, endoaneurysmectomy and lumbar sympathectomy alone have been replaced by ligation or excision of the aneurysm and restoration of arterial continuity with a reversed saphenous vein graft. Our results have confirmed the success of this operation: saphenous vein grafts used in 34 legs restored 24 (71 %) to normal function. Resection of the aneurysm did not adversely affect the outcome of the operation, but it is unnecessary and may result in damage to the popliteal vein or nerve. Four prosthetic bypass grafts restored 3 legs to normal function, but arterial prostheses should only be used when the saphenous vein is unsuitable for use as a bypass graft. Evans & Turnipseed (1976) reported that 22 out of 29 (76%) patients treated with a Dacron graft were asymptomatic at the time of review compared with 97% of saphenous vein grafts; the amputation rate was 17% and 3% in each group respectively. Further support for a policy of early operation has come from studies showing, first, that complications may arise irrespective of the size of an aneurysm (Inahara & Toledo 1978) and, second, that a successful outcome of vascular reconstruction is more likely when an aneurysm is asymptomatic than when it is complicated by thromboembolism (Wychulis et al. 1970 , Reilly et al. 1983 . Unlike aortic aneurysms, rupture of a popliteal aneurysm is rare and occurred in only 6% of cases.
Unfortunately, delayed referral and inappropriate treatment precluded early operation in 12 patients, 8 of whom underwent amputation. Only 26% of patients for whom correspondence was available were correctly diagnosed by their general practitioners, and 40% of patients were referred by hospital consultants. Furthermore, 40% of patients were referred with aneurysms already complicated by distal ischaemia. Yet, in their final assessment, 94% of aneurysms were suspected or confidently diagnosed by palpation alone, so why are popliteal aneurysms so infrequently diagnosed? We believe that lack of awareness is the principle reason; since a vascular surgeon may treat only one or two patients with popliteal aneurysms each year, it is possible that a general practitioner will encounter only one patient in a professional lifetime. Patients complain infrequently of symptoms related to the popliteal fossa and pain at this site may be ascribed to osteoarthritis. Palpation of the normal popliteal artery is difficult and the finding of a prominent pulsation in the popliteal fossa may lead to self-congratulation rather than hospital referral to exclude an aneurysm. Acute ischaemia following thrombosis may be attributed to irremediable atherosclerotic occlusion of the popliteal artery and, although compression of the popliteal vein by an aneurysm may occasionally result in venous thrombosis (Gifford et al. 1953 , Wychulis et al. 1970 , this may be the sole diagnosis while the aneurysm remains unsuspected. Patients may complain of symptoms in the calf and foot in the absence of distal ischaemia and it is particularly interesting that 9 patients in this series complained of calf pain at rest or abnormal sensations in the feet. Whether these symptoms arose from nerve compression within the popliteal fossa (Wychulis et al. 1970 , Vermilion et al. 1981 ) is difficult to ascertain. Skin infarcts and distal toe gangrene due to microembolization from the thrombus-lined aneurysm in patients with palpable pedal pulses may lead to a variety of incorrect diagnosescollagen disease, rheumatoid arthritis and even frostbite may be invoked to explain such appearances. Finally, patients with popliteal aneurysms must not be discharged from follow-up attendance after aortoiliac or femoral aneurysmectomy, as occurred in 2 patients in this series.
Diagnosis may be confirmed by either arteriography or ultrasonography (Scott et al. 1977 ) of the popliteal fossa. The former invasive procedure failed to diagnose 9 out of 39 aneurysms, only 5 of which were thrombosed. Some surgeons consider arteriography to be an essential preoperative investigation (Baird et al. 1966 , Graham et al. 1983 ), but we believe that it is unlikely to contribute to the management of a patient with a pulsatile aneurysm and pedal pulses, and we did not perform it routinely. Moreover, failure to visualize the distal vessels in patients with a thrombosed aneurysm and acute ischaemia should not prevent surgical exploration, as distal thrombectomy may allow artertial reconstruction to be undertaken.
In conclusion, a high index of suspicion is needed to establish an early diagnosis of popliteal aneurysm in patients with a prominent popliteal pulse who present with intermittent claudication, isolated ischaemic skin lesions and aneurysms of other major arteries. The cause of an acutely ischaemic leg may be a thrombosed popliteal aneurysm, particularly when a pulsatile aneurysm is found in the contralateral limb, and there is no doubt that the dismal results of treatment of such patients will only be improved by immediate referral for vascular assessment and arterial reconstruction.
